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Abstract. Although the spatial association of iron-rich lavas and high-amplitude magnetic 
anomalies is well documented, a causal ink between enhanced iron content and high remanent 
magnetization has been difficult to establish. Here we report magnetic data from approximately 
250 samples, with 8-16% FeO* (total iron as FeO), from the southern East Pacific Rise (EPR) 
that provide strong support for the presumed geochemical dependence of remanent intensity. The 
limited age range (0-6 ka) of axial lavas from this ultrafast spreading ridge (--150 mm/yr full rate) 
effectively minimizes variations resulting from time dependent changes in geomagnetic intensity 
or low-temperature alteration. Systematic sampling relative to the chilled margin illustrates that 
substantial grain size-related variations in magnetic properties occur on a centimeter scale. Both 
microprobe data and Curie temperatures uggest that the average groundmass titanomagnetite 
composition in the southern EPR samples is approximately constant (modal modified ulv6spinel 
content = 0.67) over a wide range of lava compositions. Saturation magnetization and saturation 
remanence are highly correlated with FeO* (R = 0.73 and 0.83, respectively), indicating that more 
iron-rich lavas have higher abundances of otherwise similar titanomagnetite. We show that there is 
a good correlation between natural remanent magnetization (NRM) and FeO*, provided that 
sufficient specimens are used to determine the average NRM of a sample (R = 0.63). Because the 
range of iron contents in mid-ocean ridge basalts is limited, the best fit slope (4.44 A/m per 
%FeO* in an ambient field of 0.030 mT) should provide reasonable bounds on the equatorial 
magnetization of submarine lavas (--10 A/m at 8.5% FeO* and ~50 A/m at -16% FeO*). Finally, 
we demonstrate that along-axis variations in NRM closely parallel geochemical changes along the 
southern EPR. Where magnetization values deviate significantly from those predicted from the 
range of measured FeO* contents, these discrepancies may reflect additional unrecognized 
geochemical variability. 
Introduction 
In addition to the temporal significance and tectonic utility 
of lineated marine magnetic anomalies, variations in anomaly 
amplitude preserve information concerning past geomagnetic 
field fluctuations or crustal accretionary processes. For 
example, one inference commonly drawn from high-amplitude 
anomalies is that the extrusive source layer is characterized by 
iron-rich lavas with unusually high magnetizations. Vogt and 
Johnson [1973] first suggested a causal link between iron and 
titanium enrichment in basalts from the Galapagos and Iceland 
swells and the high-amplitude magnetic anomalies associated 
with these features. A central tenet of the magnetic 
telechemistry hypothesis, the association of ferrobasalts with 
enhanced anomaly amplitude, is strongly supported by 
investigations of high-amplitude anomaly regions near ridge 
crest discontinuities [Vogt and Byerly, 1976; Vogt, 1979; 
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Sempere, 1991]. Although higher-amplitude anomalies may 
also be modeled Vy changes in crustal thickness, near-bottom 
magnetometer data suggest that higher magnetizations are 
more important in generating the enhanced magnetic anomaly 
amplitudes [Anderson et al., 1975]. Ridge p.ropagation into 
older, colder lithosphere or reduced magmatic supply at ridge- 
transform intersections apparently promote extensive 
fractionation in small, isolated magma reservoirs [Christie 
and Sinton, 1981; Sinton et al., 1983]. Extreme, low-pressure 
fractionation of tholeiitic melts in these tectonic settings is 
sufficient to produce the observed iron and titanium 
enrichments [Juster et al., 1989]. 
The magnetic telechemistry hypothesis predicts that iron 
enrichment results in increased abundances of otherwise 
similar titanomagnetites, with a concomitant increase in 
remanent magnetization [Vogt, 1979]. However, the essential 
link between iron enrichment and enhanced remanent 
magnetization, the relevant parameter for comparison with 
magnetic anomaly amplitude, has been difficult to establish 
with any degree of certainty. For example, Johnson and Tivey 
[1995] found poor correlation (R = 0.22) between FeO* (total 
iron reported as FeO) and the natural remanent magnetization 
of samples from the CoAxial segment of the Juan de Fuca 
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ridge. Vogt and DeBoer [1976] also reported substantial 
scatter in the magnetization of Galapagos and Juan de Fuca 
samples as a function of iron content, a feature they suggested 
might be due to differences in geomagnetic intensity. 
Nevertheless, Wilson and Hey [1995] used magnetizations 
derived from iterative forward modeling of anomaly profiles in 
the Galapagos region to infer the presence of ferrobasalts and 
associated history of rift propagation over the past 8 m.y. 
Systematic variation in the magma chemistry have also been 
postulated as a possible cause of enhanced magnetic anomaly 
amplitudes in the Cretaceous [Johnson and Pariso, 1993]. 
Estimation of the magnitude of geochemistry-related 
changes in magnetization is a necessary prerequisite for 
assessing temporal changes in crustal magnetization [Gee and 
Kent, 1994; Johnson and Tivey, 1995]. In this paper we 
examine the magnetic properties of a large suite of samples 
dredged from the axis of the southern East Pacific Rise (EPR, 
14ø-23øS). The wide range of FeO* contents (from about 8- 
16%) in this sample collection is well suited to evaluating the 
magnetic telechemistry hypothesis. In addition, the limited 
age range of axial lavas from this ultra-fast spreading ridge 
effectively minimizes variations resulting from time 
dependent changes in geomagnetic intensity or low- 
temperature alteration. Systematic sampling relative to the 
chilled margin illustrates that substantial grain size-related 
variations in magnetic properties occur on a centimeter scale. 
We show that there is a good correlation between natural 
remanent magnetization (NRM) and FeO*, provided that 
sufficient specimens are used to determine the average NRM of 
a sample (R = 0.63). This correlation supports the general use 
of high-amplitude magnetic anomalies as indicators of 
fractionated, iron-rich lavas and highlights the possible 
importance of geochemical variations in generating 
significant magnetization contrasts, both along axis and 
through time. 
Geological Setting and Sample Distribution 
The ultrafast spreading (-150 mm/yr full rate) southern East 
Pacific Rise has been the subject of numerous recent 
geological and geophysical studies. The ridge crest extends 
uninterrupted by a major transform for approximately 1100 
km between the Garrett transform and the Easter Microplate 
(Figure 1), although the ridge crest is punctuated by small, 
predominantly left-stepping offsets over much of this distance 
[Lonsdale, 1989; Scheirer and MacdonaM, 1993]. A prominent 
right-stepping offset occurs near 20.7øS [Macdonald et al., 
1988a] (Figure 1 inset). Abundant hydrothermal plumes 
[Urabe et al., 1995], a nearly continuous axial magma chamber 
[Detrick et al., 1993], and the inflated cross-sectional area of 
the ridge crest [Scheirer and Macdonald, 1993] all suggest that 
the portion of the EPR north of the "Hump" area at 18.5øS 
[Sinton eta!., 1991] is magmatically robust. In contrast o the 
EPR north of the Hump Area, the axis near and to the south of 
the large offset at 20.7øS reflect reduced magmatic supply and 
possibly the lack of a steady state axial magma chamber 
[Scheirer and Macdonald, 1993]. The effects of reduced magma 
supply are evident in the highly fractionated lavas (up to 16% 
FeO*) near the southern tip of the northern propagating axis 
at 20.7øS, with a gradient in degree of differentiation 
extending some 200 km to the north of this major offset. 
The rapid spreading rate, large geochemical variability, and 
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Figure 1. Location of axial dredge hauls (grey circles) used 
for magnetic study. Locations of axial discontinuities 
[Lonsdale, 1989; Scheirer and Macdonald, 1993] are indicated 
by arrows. Inset shows detail of overlapping spreading centers 
near 20.7øS [after Macdonald et al., 1988a]. Dredge 38 (lighter 
grey circle) is located on failed rift that may have an age of 40- 
80 ka. 
region ideally suited for assessing the magnetic telechemistry 
hypothesis and evaluating the "zero age" variability of mid- 
ocean ridge basalts in general. We have sampled 50 axial 
dredge hauls (collected on the 1987 R/V Moana Wave cruise 
mw8712) from the southern EPR (14ø-23øS) for the present 
magnetic study. Dredges were located on the bathymetric axis 
with the aid of existing SeaBeam and SeaMARC II bathymetry, 
with on-bottom dredge tracks typically 1 km (and 
occasionally 2 km) in length [Sinton et al., !991]. Uranium 
series disequilibrium age determinations from more than 20 of 
these axial dredges range from 0 to 6 ka [Rubin and 
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Macdougall, 1990]. These young ages are consistent with the 
nominal ages (< 13 ka) inferred from the dredge tracks under 
the assumption of uniform spreading. Samples from a single 
dredge (mw38; Figure 1 inset) on the recently abandoned ridge 
east of the active ridge near 20.9øS with an estimated age of 
40-80 ka [Macdonald et al., 1988a] are included here as they 
represent some of the more evolved compositions recovered 
from the southern EPR. Three additional dredge hauls collected 
near the tips of presently active ridges (ridges 1 and 3 of 
Macdonald et al. [1988a]) in the 20.7øS overlapper may also 
be somewhat older, although direct age determinations of two 
samples from the eastern propagating tip indicate that 
eruptive activity has occurred very recently at this location 
(ages of ~0 and 1190 ka [Rubin and Macdougall, 1990]). 
Three to eight pillows or flows were typically sampled from 
each dredge haul to provide an estimate of the within-dredge 
variability in magnetic properties, although a single, dated 
sample was collected from six dredges. To facilitate 
comparison of the magnetic data with major element 
geochemical data, samples were chosen from the archive 
collection of geochemically analyzed specimens when 
possible. A total of 157 of the 245 samples reported here 
have major and minor element geochemical data [Sinton et al., 
1991 ] determined on a glass chip from the same specimen used 
for magnetic study. Following the classification scheme of 
Melson et al. [1976], approximately one quarter of these 
samples are ferrobasalts (>12% FeO*, >2% TiO 2) with the 
remaining samples being normal mid-ocean ridge basalts. 
Although andesitic lavas were recovered from a small number 
of dredge hauls from the southern EPR, none are included in the 
present study. The range of MgO contents (8.6-4.8%) suggests 
that only a small number of samples from the vicinity of the 
20.7øS offset may be sufficiently evolved to have 
titanomagnetite as a liquidus phase [Juster et al., 1989; Perfit 
and Fornari, 1983]. 
To examine possible within-sample variations in magnetic 
properties related to differences in magnetic grain size and 
amount, a slab approximately 1 cm thick was cut perpendicular 
to the chilled margin of each sample. Nearly every sample in 
the study has some glass preserved at the margin, though the 
glass ranges from a thin patina to 1 cm thick. From this slab, 
two rows of specimens (~1 cm on a side) were prepared along a 
transect from the chilled margin inward, with the outermost 
specimen labeled a and successively deeper specimens labeled 
alphabetically. Although the samples are unoriented, one set 
of specimens used for remanence measurements was internally 
oriented relative to a fiducial mark pointing toward the glassy 
margin. The natural remanent magnetization (NRM), 
susceptibility, and mass were determined for each of the 
resulting -2100 specimens, with the K6nigsberger ratio (Q; 
ratio of remanent to induced magnetization) calculated using 
an ambient field value of 0.030 mT. The second set of parallel 
specimens was available for associated rock magnetic studies, 
including determination of hysteresis parameters and Curie 
temperatures. Data at both the specimen and sample level are 
available at W. B. F. Ryan's Ocean Floor Datasets site 
(http://imager.ldeo.columbia.edu). 
Within-Flow Variation of Magnetic Properties 
The rapid cooling of submarine lavas results in substantial 
changes in the grain size and concentration of titanomagnetite 
near the chilled margin, with pronounced variations in 
magnetic properties occurring on a centimeter scale. Marshall 
and Cox [1971] suggested that the pattern of remanence 
variation, particularly the position of the peak remanence, 
might be simply related to the cooling history and thus the 
pillow size. However, as we shall see, the pattern of NRM 
variation with distance from the chilled margin is itself quite 
variable. This variability constitutes a practical problem in 
characterizing the average magnetization of oceanic basalts. 
In particular, the presence or absence of a peak in remanence 
near the chilled margin may significantly affect the average 
magnetization since the outermost 20% (measured linearly) of 
an ellipsoidal pillow constitutes nearly half the pillow volume 
[Marshall and Cox, 1971 ]. 
Remanence directions in the axial lavas from the southern 
EPR exhibit little variation within a sample transect, as might 
be expected from their young ages. NRM directions within a 
transect typically differ by less than 15ø-20 ø and display no 
systematic trend with distance from the chilled margin. This 
consistency is highlighted by the mean within-sample •95 for 
the NRM directions (3 ø + 2ø). Only 5% of the samples had I•95 
> 6 ø, and in most of these samples the variability is primarily 
due to the outermost specimen where small grains near the 
superparamagnetic hreshold size might be expected to acquire 
a viscous or spurious lab remanence. 
Pillow lavas from the southern EPR exhibit two types of 
remanent intensity variation with distance from the chilled 
margin (Figure 2). The majority (~2/3) of samples from the 
southern EPR exhibits a rapid increase in NRM from the 
glassy margin to a peak at 1.5-3.5 cm depth and a subsequent 
decrease in magnetization at deeper levels within the pillow 
(Figure 2a). This peak in NRM has been attributed to the 
balance between increasing crystallinity and decreasing 
thermoremanent capacity as grain size increases toward the 
pillow interior [Marshall and Cox, 1971; Ryall and Ade-Hall, 
1975]. Grain size and concentration variations inferred from 
hysteresis and susceptibility measurements generally support 
this interpretation (Figure 3, top), The maximum NRM 
intensity coincides with the finest magnetic grain size as 
indicated by the maximum in the Mrs/Ms ratio (the ratio of 
saturation remanence to saturation magnetization) and the 
minimum in the Brc/B c(remanent coercivity to coercive force) 
ratio [e.g., Day et al., 1977]. The reduction in Mrs/Ms, 
together with the continued trend toward high coercivity, in 
the outermost specimen has been interpreted as evidence for a 
significant contribution of ultrafine superparamagnetic grains 
[Kent and Gee, 1996]. In samples with a pronounced 
remanence peak near the margin, the K6nigsberger ratio 
invariably decreases toward the interior of the pillow (Figure 
3, top). Nevertheless, both saturation magnetization (M s ) and 
susceptibility (X) increase with distance from the chilled 
margin, reflecting an increase in the concentration of 
titanomagnetite (provided the composition remains constant). 
The sample collection from the southern EPR includes a 
smaller number of pillow lavas in which remanence increases 
monotonically away from the chilled margin (Figure 2b). 
Although this increase might in some cases be related to small 
pillow size [cf. Marshall and Cox, 1971], the presence of this 
same pattern in many larger (radius > 10 cm) pillows 
effectively rules out small pillow size as a general cause. The 
most remarkable aspect of this type of sample from the 
southern EPR is their very fine grain size. In the 
representative sample shown in Figure 3 (bottom), the Mrs/Ms 
ratio remains above 0.5 throughout he sampled portion of the 
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Figure 2. Variation of NRM as a function of distance from chilled margin. Representative pillows 
illustrating (a) peak in remanence and decreasing NRM toward the pillow interior and (b) less common pattern 
of increasing NRM with depth. (c) Normalized NRM versus depth for representative sheet flows. FeO* contents 
are listed in parentheses where available. 
pillow, though the monotonic decrease in B c with depth 
suggests at least some increase in the average magnetic grain 
size toward the pillow interior. The high Mrs/M s ratios are 
indicative of dominantly single domain grains, although the 
dominant cubic anisotropy of titanomagnetites [Gee and Kent, 
1995] allows some contribution from superparamagnetic or 
coarser multidomain grains. The increase in NRM with depth 
is occasionally associated with an increase in the 
KOnigsberger ratio, and in this type of sample, generally 
parallels the increases in M s and X with distance from the 
chilled margin (Figure 3, bottom). 
Our sample collection also includes a number of sheet flows 
with two well-preserved glassy margins and overall flow 
thicknesses ranging from 4 to 13 cm. The pattern of 
remanence variation in these sheet flows is typically 
asymmetric with the peak NRM intensity occurring much 
nearer to one of the chilled margins (Figure 2c). The inherent 
ambiguity in determining the top of such flows, together with 
the observed asymmetric pattern of remanence variation, 
makes it difficult to compare the pattern of variation in 
magnetic properties with results from pillow lavas with a 
single chilled margin. Under the assumption that the two 
chilled margins were approximately horizontal during 
emplacement, the magnetic inclination in these normal 
polarity flows provides a means of determining which 
direction is up. Because of the young age of these lavas, the 
low latitudes of the dredge locations, and the uncertainty in 
sample horizontal, we suggest that negative or shallow 
positive inclinations are compatible with the expected normal 
polarity inclinations. If one assumes that positive 
inclinations >10 ø have been inverted, approximately three 
quarters of the sheet flows have an asymmetric pattern of NRM 
variation in which the peak remanence is near the base of the 
sheet flow (Figure 2c). Although fine-grained throughout 
(Mr/M s typically > 0.45), the relatively slower cooling near 
the flow base apparently results in a higher degree of 
crystallinity. 
In a classic magnetic and petrographic study of samples 
from the Juan de Fuca and Central Indian ridges, Marshall and 
Cox [1971] suggested that pillow lavas could be classified as 
either H type (high intensity) or L type (low intensity). H type 
samples typically had higher overall NRM intensities and 
showed a large increase in susceptibility away from the chilled 
margin. In contrast, L type lavas showed little susceptibility 
change with depth and had a lower overall magnetization. The 
two pillow types were perhaps best distinguished by the depth 
variation of Q (K6nigsberger ratio), with H type samples 
having decreasing Q toward the interior and L type samples 
exhibiting the opposite trend or little change with depth. 
To assess this categorization in our samples, we have 
calculated the best fit slope of NRM and Q variations near the 
margin for each sample with five or more specimens (Figure 
4). The outermost specimen in many cases has low Q and NRM 
values that lie off the trend defined by specimens further from 
the chilled margin (see Figure 3, top). Slopes calculated using 
a variety of specimens near the margin (with and without the a 
specimen) were similar to those ultimately used from the 
second through fifth specimens. The slopes were then 
normalized by the average NRM or Q ratio for the sample; the 
normalized slopes therefore represent he change in NRM or Q 
per centimeter expressed as a fraction of the average value for 
the entire sample. 
The K6nigsberger ratio decreases toward the pillow interior 
in the majority of samples from the southern EPR (Figure 4a), 
which following the classification scheme of Marshall and 
Cox [1971] would suggest he predominance of high-intensity 
(H type) lavas. However, the slope of Q is not simply related 
to average NRM intensity, with some of the most negative 
slopes being associated with the lowest average 
magnetizations. Based on the results from the present sample 
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Figure 3. Variation of magnetic' properties as a function of distance from the chilled margin for two 
endmember pillow types. 
collection, the H type and L type pillow lavas originally 
suggested by Marshall and Cox [1971] appear to represent 
endmembers of a nearly continuous variation in the pattern of 
magnetic property variation with depth in pillows. 
Slopes of NRM calculated as described above are more 
evenly distributed but nonetheless illustrate the tendency of 
decreasing remanence toward the pillow interior in the sample 
collection from the southern EPR (Figure 4b). Moreover, 
slopes calculated for the outermost four specimens are almost 
exclusively positive, indicating that the bulk of the samples 
from the southern EPR have a peak in NRM near the chilled 
margin. Because this peak may occur deeper than the level of 
the b specimen, the NRM slopes calculated using the second 
through fifth specimens will tend to overestimate the 
abundance of samples with increasing remanence toward the 
pillow interior. Although the pattern of NRM variation with 
depth is poorly correlated with the average sample remanence, 
we note that pillow lavas with high magnetizations (> -40 
A/m) are almost all characterized by decreasing NRM toward 
the pillow interior. The only exceptions to this observation 
are from three small pillow buds (radii 5-7 cm), where the 
small flow dimension likely resulted in small magnetic grain 
size and low concentration throughout. Conversely, the 
highest positive NRM slopes tend to be associated with low 
average remanence. The variability in the pattern of NRM 
changes with distance from the margin, and the lack of reliable 
dimensions for most flows preclude the type of numerical 
integration for average remanent intensity envisioned by 
Marshall and Cox [1971]. For purposes of evaluating the 
magnetic telechemistry hypothesis, we have simply calculated 
the mean remanence from a transect of specimens. We will 
return later to the possible significance of the pattern of NRM 
variation in terms of the geochemistry of the lavas. 
In order to characterize the magnetization more fully, we 
have determined Curie and unblocking temperatures for all 
specimens from a small number (n = 11) of samples. These 
axial lavas showed dominantly univectorial behavior during 
thermal demagnetization. The majority of the remanence is 
unblocked by 200 ø to 300øC, but coherent magnetization 
directions are maintained to maximum temperatures of 500 ø- 
575øC (Figure 5; Kent and Gee [1994]). Susceptibility 
variation during thermal demagnetization was minor (insets in 
Figure 5), suggesting that little mineralogical change 
occurred during heating. As has been noted previously [e.g., 
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(b) NRM versus mean sample NRM for samples from the 
southern EPR. Slopes calculated using the second through fifth 
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sample Q or NRM. Insets illustrate the schematic variation of 
Q or NRM with depth. Pillow samples delineated by brackets 
in (Figure 4b) represent small pillow buds. 
Grommd et al., 1979; Ryall and Ade-Hall, 1975], both 
unblocking and Curie temperatures increase toward the chilled 
margin. The elevation of the remanence unblocking relative to 
the dominant Curie temperature in submarine lavas has been 
attributed to the preferential oxidation of the finest grains that 
constitute a minor volumetric portion of the titanomagnetite 
content and are therefore poorly represented in the high field 
magnetization variation [Bina and Prdvot, 1989; Kent and 
Gee, 1994, 1996]. An interesting feature of the Curie 
temperature data from these traverses is the enhanced egree of 
irreversibility in specimens furthest from the chilled margin 
(Figure 5). Although this observation is apparently at odds 
with the higher degree of oxidation inferred for the marginal 
samples, one possible explanation is that larger (or better 
connected) grain boundary cracks in the coarser grained pillow 
interiors facilitate oxidation during heating. 
Magnetic Mineralogy 
In its simplest form, the magnetic telechemistry 
hypothesis suggests that iron enrichment in differentiated 
tholeiitic lavas is reflected in higher magnetizations resulting 
from increased concentrations of otherwise similar 
titanomagnetite. But, as pointed out by Watkins [1974], there 
is no a priori reason to believe that the ulv6spinel contents 
would remain constant in lavas with widely varying 
concentrations of FeO* and TiO 2. Indeed, a dependence of 
ulv6spinel content with basalt geochemistry has been 
suggested in at least two previous studies. Based on analysis 
of near-liquidus titanomagnetites in lavas from the East 
Galapagos rift, Perfit and Fornari [1983] suggested that 
ulv6spinel content was inversely related to the TiO 2 content 
of the glass, with ferrobasalts having titanomagnetites with 
marginally lower ulv6spinel contents (0.47 < x < 0.60; where 
x is Fe3_xTixO4 ) than either less evolved mid-ocean ridge 
basalts or highly evolved andesites. However, Steiner [1982] 
reported the opposite trend, that is, ulv6spinel contents 
increasing with degree of differentiation, from drillcore 
samples recovered during DSDP Leg 61. 
Two lines of evidence, electron microprobe data and Curie 
temperature determinations, suggest that the average 
groundmass titanomagnetite composition in the southern EPR 
sample collection is approximately constant (modal x'= 0.67; 
where x' is the modified ulv6spinel content of Stormer 
[1983]). Titanomagnetite grains in these lavas have 
dominantly skeletal morphologies, though rare euhedral 
grains are also present in a small number of samples. The 
latter grains are often found in close association with sulfides 
or their alteration products. Titanomagnetite compositions 
were determined by electron microprobe for 35 samples 
(Figure 6a and Table 1), utilizing chips from flow interiors 
that provided grains large enough (>5 gm) for quantitative 
analysis. We find little or no systematic variation in the 
composition of skeletal groundmass titanomagnetites over a 
wide range of lava compositions. Nearly all samples analyzed 
have skeletal grains with modified ulv6spinel contents 
between -0.60 and 0.73, with a modal composition of x'= 
0.67 (Figure 6b). Euhedral grains exhibit a much wider 
compositional variation (0.27 < x' < 0.70). With a single 
exception, the ulv6spinel contents of these euhedral grains are 
less than that of the skeletal groundmass grains in the same 
thin section. The Ti-poor compositions of euhedral grains in 
the more evolved lavas are generally consistent with the trend 
observed in near-liquidus titanomagnetites from the Galapagos 
[?erfi't and Fornari, 1983]. The presence of Ti-poor euhedral 
(and occasionally skeletal) grains in the less fractionated 
lavas from the southern EPR is more enigmatic, though we 
note that similar compositions have been previously reported 
from submarine lavas [e.g., Steiner, 1982; Furuta, 1993]. 
In addition to Curie temperature determinations in a limited 
number of complete pillow traverses, we have measured the 
temperature dependence of the high field magnetization for 
approximately 200 b specimens (Figure 7). We arbitrarily 
selected the second specimen away from the chilled margin 
(the b specimen) for the synoptic study, in large part because 
this specimen was available for all samples including even the 
thinnest sampled sheet flows. These specimens were taken at a 
distance of 1-2 cm from the glassy margin and consequently 
have a small effective magnetic grain size (mean Mrs/M s = 
0.50 + 0.07; Figure 7 inset). Because these fine-grained 
specimens are most susceptible to the effects of low- 
temperature oxidation [Kent and Gee, 1994], their Curie 
temperatures provide only a minimum estimate of the average 
ulv6spinel content of the lavas. However, the distribution of 
Curie temperatures includes a substantial fraction between 80 ø 
and 150øC, consistent with a more Ti-rich composition that 
the canonical x -0.6 value typically assumed for oceanic 
basalts [e.g., Petersen et al., 1979' O'Reilly, 1984]. This 
interpretation is further supported by the low Curie 
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Figure 5. Depth variation of NRM unblocking (solid circles) and high field magnetization (solid lines) for 
two representative pillows. Insets illustrate variation of susceptibility during thermal demagnetization. Open 
circle for each specimen indicates maximum unblocking temperature. Specimen letters refer to depth 
(approximately 1 cm intervals) from the chilled margin. High field magnetization curves generated by heating 
in air (25øC/min) in field of ~0.15 T. 
temperatures (~100øC) obtained for the interior of several 
pillow traverses (Figure 5). 
Comparison of the microprobe data and Curie temperatures 
suggests hat the modal value (x'= 0.67) provides agood first- 
order representation of the volumetrically dominant 
titanomagnetite composition for the southern EPR lavas. As 
the modified ulv6spinel content incorporates the effects of 
minor elements (primarily A1 which increases x' [Storrner, 
1983] and decreases Curie temperature [Ozdernir and 
Moskowitz, 1992]), the modal composition is consistent with 
the range of Curie temperatures (80ø-120øC) observed in the 
interiors of several pillows. For example, Curie temperatures 
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Figure 6. Electron microprobe analyses of titanomagnetites 
from southern EPR samples. (a) Modified ulv6spinel contents (x' [Storrner, 1983]) as a function of Mg # (Mg/(Mg+Fe 2+) 
where Fe 2+ = 0.86*Fetota 1) of glass. (b) Histogram of modified 
ulv6spinel contents. Euhedral and subhedral grains shown are 
lighter grey and groundmass grains shown as darker grey. 
for sample mw71-5 (Figure 5) decrease from 165øC near the 
margin to a nearly constant value (99 ø + 4 øC), consistent with 
the narrow range of titanomagnetite compositions (0.65 < x'< 
0.67; Table 1) determined for this sample. Although Ti-poor 
compositions are present in several lavas, results from sample 
mw80-3 (Figure 5) suggest hat these lower x' values are not 
volumetrically important. This sample exhibits a broad range 
of modified ulv6spinel contents (0.43-0.70, with a single 
analysis having x' = 0.24; Table 1), but the innermost 15 
specimens from this sample have a consistent Curie 
temperature (106 ø + 4øC) that is most compatible with the 
most Ti-rich compositions determined by microprobe 
analysis. Finally, we find no evidence for compositional 
variations which might be responsible for the trend towards 
higher unblocking and Curie temperatures near the chilled 
margin. In contrast, where compositions were determined for a 
range of grain sizes and morphologies in a single sample 
(e.g., mw80-3 in Table 1), there appears to be a trend toward 
more Ti-rich compositions in the smaller, later formed 
skeletal grains as noted previously by Furuta [1993]. 
Influence of Geochemistry on Magnetic 
Properties 
We are now in a position to evaluate the role of 
geochemical variations in controlling the magnetic properties 
of the southern EPR samples. The magnetic telechemistry 
hypothesis consists of two essential components: (1) that 
increases in FeO* result in higher concentrations of 
titanomagnetite and (2) that this increased abundance of 
magnetic material is reflected in higher remanent 
magnetization. To the extent that these enhanced remanent 
intensities are representative of the magnetic source layer, 
fluctuations in the average geochemistry will be reflected in 
higher anomaly amplitudes. 
The first component of the magnetic telechemistry 
hypothesis is most readily addressed on a specimen level 
where the concentration of magnetic minerals may be directly 
determined from hysteresis measurements. To limit the number 
of specimens to a manageable level, we measured hysteresis 
loops on the fine-grained (see Figure 6) b specimens collected 
at a depth of 1-2 cm from the glassy margin. Both saturation 
magnetization (M s) and saturation remanence (Mrs) are highly 
correlated with the iron content of the glass (Figure 8), 
providing strong support for the inference that fractionation- 
related increases in FeO* result in higher abundances of 
titanomagnetite. As discussed above, the ulv6spinel content 
of groundmass titanomagnetites in the present sample 
collection is approximately constant (x'= 0.67). However, 
even if the range in Curie temperatures of the b specimens 
(Figure 6) were entirely attributed to compositional 
variations, the corresponding differences in M s (-50% 
increase from x' = 0.65 to x' = 0.45 [O'Reilly, 1984]) would 
account for only a small portion of the observed variation in 
M s. The correlation between FeO* and Mrs is slightly higher 
(R = 0.83) than for M s (R = 0.72). Because the b specimens 
include very fine grained specimens with high coercivities, we 
suggest that the slightly lower correlation between FeO* and 
M s may reflect inadequacies in the slope correction. 
The second and more relevant component of the magnetic 
telechemistry hypothesis, that higher abundances of 
titanomagnetite are reflected in higher NRM intensities, is 
also well supported by the b specimen data (Figure 8c). 
Differences in the degree of alteration, geomagnetic field 
intensity during cooling, and grain size variations might all 
be expected to reduce the correlation between bulk rock 
geochemistry and the NRM. The high degree of correlation (R 
= 0.72) between FeO* content and the b specimen NRM 
suggests that for these axial lavas the sampling strategy has 
effectively normalized these potential sources of variability. 
We therefore conclude that, at least on a specimen level, 
approximately half of the variance in NRM may be attributed 
to variations in titanomagnetite content resulting from iron 
enrichment during fractionation. 
The predictive value of the magnetic telechemistry 
hypothesis, however, relies on the validity of the correlation 
between geochemistry and remanence at least at the level of an 
individual pillow/flow. In practical terms, the substantial 
variation in magnetic properties within a flow might be 
expected to reduce the correlation between FeO* and the 
average NRM. We conducted a resampling experiment to 
examine the effect of within-flow variation on the correlation 
between FeO* and NRM. We generated 1000 pseudosamples 
from the southern EPR sample collection by selecting a 
specimen at random from each of the 157 samples for which 
geochemistry data are available. The best fit line and 
correlation coefficient relating FeO* and specimen NRM was 
then calculated for each pseudosample. 
Results from this resampling exercise illustrate that 
random or incomplete sampling with respect to the chilled 
margin may result in substantially lower correlations between 
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Table 1. Representative Titanomagnetite Analyses 
Sample 20-2 14-1 78-4 78-4 84-3 80-3 80-3 80-3 40-6 71-5 42-3 36-3 36-3 42-2 
FeO* glass 9.55 10.22 11.06 11.06 11.54 11.69 11.69 11.69 12.63 12.56 13.58 14.21 14.21 14.41 
Size (gm) 15 15 10 8 10 8 20 10 10 25 35 8 10 l0 
Morphology skel. skel. skel. skel. skel. euh ? skel. skel. skel. skel. skel. euh. skel. skel. 
SiO 2 0.76 0.23 0.19 0.81 0.27 0.20 0.17 0.16 0.21 0.17 0.31 0.11 0.19 0.41 
TiO 2 20.55 21.13 17.96 19.89 21.31 8.58 15.05 22.18 21.37 21.63 21.84 20.90 21.14 21.24 
A1203 2.17 1.75 1.59 2.02 2.18 1.10 1.55 1.21 1.80 1.83 2.15 1.73 2.01 1.69 
Cr203 0.03 0.03 0.05 0.05 0.01 0.05 0.05 0.05 0.06 0.05 0.02 0.08 0.07 0.01 
Fe203 24.03 24.14 32.00 24.40 23.09 50.75 37.88 23.50 24.32 23.76 22.67 25.82 23.75 23.94 
MgO 0.50 0.24 1.87 0.36 0.52 1.71 2.32 1.60 0.73 0.61 0.70 1.84 0.84 0.80 
MnO 0.63 0.62 0.37 0.61 0.59 0.30 0.39 0.53 0.55 0.56 0.62 0.54 0.61 0.57 
FeO 49.61 49.61 44.59 48.87 49.37 36.19 41.10 48.34 49.32 49.66 49.88 46.90 48.48 49.15 
Total 98.28 97.75 98.61 97.02 97.34 98.88 98.52 97.57 98.36 98.26 98.19 97.93 97.09 97.81 
Si 0.029 0.009 0.007 0.031 0.010 0.008 0.006 0.006 0.008 0.006 0.012 0.004 0.007 0.016 
Ti 0.582 0.605 0.506 0.572 0.610 0.244 0.424 0.631 0.606 0.614 0.619 0.591 0.606 0.605 
A1 0.097 0.079 0.070 0.091 0.098 0.049 0.068 0.054 0.080 0.081 0.096 0.077 0.090 0.075 
Cr 0.001 0.001 0.001 0.002 0.000 0.001 0.001 0.001 0.002 0.001 0.001 0.002 0.002 0.000 
Fe 3+ 0.681 0.692 0.902 0.702 0.661 1.446 1.069 0.669 0.690 0.675 0.643 0.731 0.681 0.683 
Mg 0.028 0.014 0.104 0.021 0.030 0.096 0.130 0.090 0.041 0.034 0.039 0.103 0.048 0.045 
Mn 0.020 0.020 0.012 0.020 0.019 0.010 0.012 0.017 0.018 0.018 0.020 0.017 0.020 0.018 
Fe 2+ 1.563 1.581 1.397 1.562 1.572 1.146 1.289 1.530 1.556 1.569 1.572 1.475 1.546 1.557 
Cation Sum 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 
x 0.618 0.631 0.541 0.605 0.644 0.258 0.458 0.669 0.638 0.645 0.655 0.634 0.642 0.638 
x' 0.655 0.656 0.528 0.643 0.673 0.242 0.432 0.656 0.654 0.664 0.681 0.624 0.659 0.654 
All analyses with following mineral standards (ilmenite: Ti, Mn; hematite: Fe; Chromite: Cr, AI, Mg) and utilizing synthetic titanomagnetites (x 
= 0.40, x = 0.65) and natural magnetite (x = 0) as internal standards. Ferric iron from stoichiometry. Skel. = skeletal grain; Euh. = euhedral grain. 
Variables x = ulv6spinel content = 3*Ti/(Ti + Fe) and x'= modified ulv6spinel content after Stormer [1983]. Sample name refers to dredge and 
sample number. 
FeO* and NRM (Figure 9). Indeed, using the b specimens or 
the peak remanence (as suggested by DeBoer [1975]) provide 
correlation coefficients that are at the extreme maximum of 
those obtained in the random resampling. The correlation 
obtained by using simple mean NRM from all specimens in a 
sampling transect lies at the high end of the pseudosample 
distribution, confirming that this straightforward technique is 
adequate providing the sampling transect captures the full 
range of magnetization variability. For comparison we also 
show the correlation coefficients determined from selected 
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Figure 7. Distribution of Curie temperatures and Mr?M s 
(inset) for b specimens. taken at depth of 1-2 cm from the 
chilled margin. Curie temperatures determined graphically. All 
specimens heated in air at 25øC/min. 
age dependent differences in alteration or paleofield and 
smaller variation in FeO* may also be important factors, it is 
evident that insufficient sampling of the within-flow 
variability is likely to contribute to the rather low 
correlations noted in some previous studies. 
The slope of the best fit line relating FeO* and NRM is a 
critical parameter for applying the magnetic telechemistry 
hypothesis. However, the value of the slope is strongly 
dependent on adequate sampling, as indicated by the broad 
distribution of slopes in the resampling experiment (Figure 
9b). Moreover, the slope obtained from the present sample 
collection is closely related to the correlation coefficient 
(Figure 9c). This observation is readily understood if we recall 
that iron-rich lavas tend to have a more pronounced remanence 
peak near the margin (Figures 2 and 4b). If flow geometry and 
dimensions are independently known, numerical integration 
[Marshall and Cox, 1971] might provide a better estimate of 
average sample NRM intensity for comparison with iron 
content. For ~100 samples with relatively simple pillow 
morphologies, we calculated the average remanence assuming 
the depth to the innermost specimen of the sampling transect 
represented the radius of a spherical pillow. Together with -25 
sheet flows, where volume integration is identical to the mean 
NRM from the sampling transect. this subset of samples 
yields a slightly (10%) higher slope and correlation 
coefficient than for the simple arithmetic mean of the 
specimen NRMs. The slope obtained from the b specimens is 
significantly higher than that determined from the mean 
sample NRM, as the former sampling strategy will tend to 
capture the highest NRM values in these iron-rich samples. 
Similarly, the best fit line obtained from the peak remanence 
in each sample accentuates the slope further. However, because 
magnetic anomaly data reflect the average NRM and because 
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Figure 8. Variation of (a) M s, (b) Mrs and (c) NRM for b 
specimens as a function of FeO* content of glass. 
flow dimensions are not well constrained, we suggest that the 
most representative m asure of the increase in NRM with FeO* 
is given by the slope obtained from the simple arithmetic 
mean sample NRM values. 
To compare the results from the southern EPR sample 
collection with those of previous studies, we have reduced the 
mean NRM data to their equivalent equatorial values under the 
assumption of an axial geocentr,;c dipole (Figure 10). This 
procedure results in only modest reduction of the low-latitude 
southern EPR data, with a resulting equatorial slope of 4.44 
(A/m per %FeO*) and essentially no change in the correlation 
coefficient (R = 0.63). Results from two previous studies on 
the Juan de Fuca ridge (n = 68 [Johnson and Holmes, 1989]) 
and the southern Mid-Atlantic Ridge (n = 38 [Weiland et al., 
1996]) are also shown in Figure 10, after reduction of the NRM 
values to the equator. Both data sets are broadly consistent 

























3 4 5 6 7 8 
Best Fit Slope 
c 
Best Fit Slope = -0.965 + 12.51*Corr. Coeff. 
R• 0.92 
, , , i .... i .... i .... i .... i , , , 0 0.2' 0.3 0.4 0.5 0.6 0.7 .8 
Correlation Coefficient 
Figure 9. Results of resampling experiment for southern 
EPR samples. Distributions of (a) correlation coefficient and 
(b) slope for best fit line relating FeO* and specimen NRM. 
Corresponding values for best fit lines based on b specimens, 
peak NRM, and mean sample NRM for the southern EPR 
collection shown by arrows. Correlation coefficients from 
CoAxial segment of Juan de Fuca (JDF A [Johnson and Tivey, 
1995]), southern Mid-Atlantic Ridge (MAR [Wedand et al., 
1996]), and Juan de Fuca (JDF B [Johnson and Holmes, 1989]) 
also shown in (Figure 9a) for comparison. (c) Relationship 
between correlation coefficient and best fit slope in 1000 
pseudosamples. 
though the smaller number of samples and more limited 
geochemical variation result in larger uncertainties in slope. 
To evaluate the robustness of the slope, we generated 1000 
jackknife samples for each data set by randomly deleting 10% 
of the data. The resulting distribution of jackknife slopes was 
then used to estimate the 95% confidence level on the slope. 
The southern EPR data yield a well-defined slope of 4.44 
(+0.35/-0.37). As might be expected from the low correlation 








NRM = -25.8 + 4.44 * FeO* 
JDF-B (R = 0.63) 
MAR 
'•.f/ I/).• 
/ • o•• -.? o- •o 
o 
.... I .... I .... I .... I .... I .... I .... I .... I 
9 10 11 12 13 14 15 16 
FeO* 
Figure 10. Relationship between FeO* and sample NRM, 
reduced to equatorial value. Fields encompassing data from the 
southern Mid-Atlantic Ridge (MAR [Weiland et al., 1996]) and 
Juan de Fuca Ridge (JDF B [Johnson and HOlmes, 1989]) 
shown for comparison. Best fit line calculated from southern 
EPR samples (circles) only. 
coefficient, the Mid-Atlantic Ridge data yield a poorly defined 
slope (4.08 +2.06/-2.32) but which is nevertheless virtually 
identical to that of the southern EPR. The Juan de Fuca slope 
(6.06 +0.74/-1.00) is appreciably higher than the southern EPR 
value, and we can speculate that this could reflect sampling 
that systematically captured the outermost, highly magnetized 
parts of the pillows. 
In the absence of detailed information on the sampling 
strategy employed in these additional data sets, we regard the 
relationship determined from the present sample collection 
(Figure 10) as the best estimate of the effect of geochemical 
variation on the magnetization of submarine lavas. Because 
fewer than 2% of mid-ocean ridge basaltic glasses erupted at 
any spreading ridge have Mg # > 0.65 (Mg # = Mg/(Mg+Fe2+), 
corresponding to ~8.5% FeO* [Sinton and Detrick, 1992]), 
the correlation developed here suggests a lower bound of ~10 
A/m for oceanic basalts cooled in an ambient field of 0.030 
roT. Similarly, iron enrichment in oceanic tholeiites is 
typically limited (maximum FeO* of 16-18%) by the 
appearance of titanomagnetite and/or ilmenite as liquidus 
phases [e.g., Juster et al., 1989]. The predicted NRM at these 
extreme compositions (~50 A/m) should constitute a 
c 
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Figure 11. Along-axis variation of (a) mean dredge NRM, (b) geochemistry, and (c) bathymetry from the 
southern EPR. Layer 2A thickness variations [Hooft et al., ]997] and geochemic• spreading segments [Sinton 
et al., ]99] ] shown in (Figure ] ]a) for reference. Bathymetric variations and axial discontinuities (vertical 
grey lines, dashed for minor offsets) from Scheirer and Macdonald []993]. Dredge mean NRM values (and 
standard deviations) calculated using all samples shown as solid circles; means calculated with only samples 
with geochemistry (circles in Figure l lb) shown as open circles. Overall range of geochemical variability 
indicated by ]o variation ih FeO* (grey region in Figure ] lb). 
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reasonable upper bound for equatorial magnetization 
intensities in oceanic lavas. Significantly higher remanence 
values in near-ridge basalts may be indicative of higher 
paleofield values or of systematic differences in the effective 
magnetic grain size [cf. Prgvot and Lecaille, 1976]. 
Along-Axis Variation in Magnetic Properties 
The physical segmentation of the southern EPR is 
paralleled, though not perfectly so, by a geochemical 
segmentation (Figure 11). The largest ridge offsets at 15.9 ø 
and 20.7øS along the southern EPR coincide with isotopic 
boundaries that apparently reflect differences in mantle source 
compositions [Mahoney et al., 1994]. Sinton et al. [1991] 
have identified 15 secondary spreading segments along the 
southern EPR (13ø-23øS) based on the similarity of parental 
magma compositions. These secondary geochemical 
boundaries generally coincide with second- and third-order 
physical discontinuities (terminology of Macdonald et al. 
[1988b]) although minor deviations from axial linearity may 
also be accompanied by geochemical boundaries [Sinton et 
al., 1991]. The dominant geochemical signal along this 
portion of the southern EPR is associated with the large axial 
discontinuity at 20.7øS. The recently abandoned rifts near 
20.7øS include extremely fractionated lavas (up to 16% FeO*) 
characteristic of rift propagation, with enhanced egrees of 
fractionation evident in lavas up to 200 km north of this large 
offset [Sinton et al., 1991]. 
As might be expected from the correlation between FeO* 
and NRM documented above, along-axis variations in 
remanence reflect the general trends in geochemistry along the 
southern EPR (Figure 11). For example, the increase from 
-10% (at 19øS) to 16% FeO* in the vicinity of the 
overlapping spreading centers at 20.7øS is accompanied by 
more than a twofold increase in mean NRM intensity (dredge 
mean NRM calculated from all samples). Similarly, the 
evolved compositions ear the 21.7øS axial discontinuity and 
the uniformly low FeO* contents south of this offset are well 
represented in the mean NRM data. Moreover, the within- 
dredge scatter (average standard deviation 8.2 _+ 4.9 A/m) is 
often small enough to recognize finer scale similarities (e.g., 
segment K) between remanence and geochemistry. 
Because not all of the samples used to calculate the dredge 
NRM means have geochemical data, some of the within-site 
scatter may reflect unrecognized geochemical variability 
within a dredge. To assess this possibility, we also calculated 
the average NRM for each dredge using only those samples for 
which geochemical data were available (open circles in Figure 
1 l c). Though the differences with the overall mean NRM are 
small in most cases, a substantial difference is evident in the 
two dredges (at 19.25 ø and 21.75øS) with the largest standard 
deviations. For example, when only samples with 
geochemical data are considered, the mean NRM (20 A/m) for 
the site at 19.25øS is entirely consistent with that predicted 
from the measured FeO* values (-24 A/m). We suggest that the 
high standard eviations for these two sites may indicate that 
the remaining samples in these dredges have compositions 
distinct from any measured uring the initial study, that is, 
including samples with higher FeO* at 19.25øS and lower 
FeO* at 21.75øS. 
Within-dredge geochemical variability would also be 
expected to account for some portion of the NRM variation, 
even when all magnetic samples have corresponding 
geochemical data. From the geochemical data of Sinton et al. 
[ 1991 ] for the southern EPR (414 glass analyses, 93 sites), we 
calculate an average within-dredge standard eviation of-0.5% 
FeO*. The relationship between sample NRM and FeO* 
suggests that this geochemical variability might reasonably 
account for approximately one third (2.5 A/m) of the within- 
dredge NRM scatter. For the 34 dredges with three or more 
samples with geochemical data, we find that the standard 
deviation in NRM is positively correlated with the standard 
deviation in FeO* for the same samples. However, the 
correlation coefficient (R = 0.32) suggests that the largest part 
of the within-dredge NRM variability lies in additional factors 
(e.g., flow type, alteration, paleointensity) unrelated to 
geochemical variability. Nonetheless, variations in the 
average FeO* content of a dredge constitute a valuable 
predictor of the average NRM. For these same 34 sites, we find 
very high correlations between the mean FeO* content and 
various magnetic parameters. The correlation coefficient 
relating the mean dredge FeO* and average NRM for the dredge 
is 0.81 (J. Gee and D. V. Kent, Magmatic segmentation and 
magnetic corrugation on the southern East Pacific Rise, 
submitted to Nature, 1997) (hereinafter referred to as Gee and 
Kent, submitted manuscript, 1997), with even higher 
correlations for Mrs and M s (R = 0.93 and 0.83, respectively) 
measured on the b specimens. 
Discussion 
Results from the southern EPR lavas provide the strongest 
support to date for the magnetic telechemistry hypothesis. 
The iron enrichment resulting from shallow fractionation of 
mid-ocean ridge basalts [e.g., Walker et al., 1979] is reflected 
in higher concentrations of titanomagnetite, enhanced 
remanence intensities, and ultimately higher magnetic 
anomaly amplitudes. The use of anomaly amplitudes to 
remotely assess the geochemistry of the crust, however, 
depends critically on the rate of change in NRM with FeO* 
enrichment. The best method for estimating the slope of this 
relationship is subject to some uncertainty. The pattern of 
remanence variation within cooling units is apparently related 
to geochemistry, with more iron-rich lavas tending to have a 
more pronounced NRM peak near the chilled margin and 
decreasing remanence with depth (Figure 4b). Because the 
integrated remanence for a pillow lava is strongly dependent 
on the volumetrically dominant portion near the chilled 
margin, any systematic pattern of NRM variation related to 
sample geochemistry might enhance the magnetic contrast 
between iron-poor and iron-rich lavas. This effect is further 
illustrated by considering the FeO* versus NRM slopes 
calculated using specimens at varying distances from the 
chilled margin. We find that the slope relating FeO* and NRM 
is highest for the b and c specimens, with both slope and the 
correlation coefficient decreasing steadily as deeper portions 
of the pillows are used to calculate the relationship. The 
weaker geochemical dependence of NRM in these more 
crystalline pillow/flow interiors implies that the relationship 
between FeO* and NRM may depend on other factors such as 
the average flow size. Additional magnetic studies, 
particularly of iron-rich lavas, would therefore be useful in 
refining the magnitude of the geochemical effect on 
remanence. Because previous studies have typically employed 
less systematic (and generally unspecified) sampling 
strategies with respect o the chilled margin, we regard the 
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slope determined here (4.44 A/m per % FeO*, assuming an 
ambient field of 0.030 mT) as the best available estimate of 
the change in remanence with iron enrichment. 
Our results from the southern EPR demonstrate the 
importance of geochemical variation in generating substantial 
magnetization contrasts along axis and therefore support the 
general use of high-amplitude anomalies or inversion solution 
magnetizations to infer the presence of iron-rich lavas (see 
review by Sempere [1991]). In a future paper (Gee and Kent, 
submitted manuscript, 1997), we explore the utility of along- 
axis magnetic anomaly amplitude variations for delineating 
spatial variations in the average degree of fractionation of the 
extrusive layer along the southern EPR. These geochemistry- 
related magnetization changes, however, constitute an 
additional source of uncertainty in evaluating temporal 
changes in the magnetization of submarine lavas. For 
example, local anomaly maxima are frequently used to 
delineate the locus of most recent volcanic activity [e.g., 
Klitgord et al., 1975; Hussenoeder et al., 1996; Sempere et al., 
1990] under the assumption that alteration of the magnetic 
source layer results in a relatively rapid reduction in 
magnetization [Marshall and Cox, 1972; Klitgord, 1976; Gee 
and Kent, 1994; Johnson and Tivey, 1995]. In view of the 
possible complications arising from geochemical variability 
(in addition to age dependent changes in alteration or 
geomagnetic field), such results should be viewed with caution 
in the absence of other corroborating evidence of recent 
volcanic activity. Ridge perpendicular variations in anomaly 
amplitude have recently been suggested as a possible record of 
geomagnetic intensity fluctuations [Gee et al., 1996]. The 
possible influence of geochemical variations highlights the 
need for anomaly profiles from a variety of spreading 
segments in order to establish a coherent geomagnetic signal 
in the oceanic crust. 
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